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(54) ADAPTIVE OPTICAL MODULE 

(57) The invention pertains to the field of controlla- 
l3le optics and can be used for manipulating a radiation 
wave front or for correcting phase distortions in optical 
equipment and in a wide range of systems including 
industrial laser systems, optical telescopes of different 
spectral ranges, and optical guidance and tracking sys- 
tems. The invention in essence lies in improving the 
range and precision of the phase distortion conrection 
while also increasing tiie maximum permissible power 
of the radiation used and simplifying the adaptive optical 
system. This has been achieved by using in the adap- 
tive optical module a dynamic adjusting head in which is 
mounted a deformable dimorphic mirror, ooolable if nec- 
essary, in the form of a semi-passive dimorphic sti'uc- 
ture containing a system of multiple-iayer piezo- 
elements, a radiation detector in the form of a hexago- 
nal photodiode lattice and hexagonal lens lattice. All tiie 
optical elements of tiie module including the radiation 
detector can befitted in tiie same housing provided with 
inlet and outlet optical windows. In addition, the pro- 
posed design Increases the sensitivity and reliability of 
the adaptive optical module, and significantiy increases 
its operational potential. 
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Description 

FIELD OF INVENTION 

5 The present invention relates to the controllat^e optics and may be used to radiation wavefront control or phase dis- 
tortion compensate in the optical devices and wide class systems, including the industrial laser technological com- 
plexes. optical telescopes of a different spectral range and optical guidance and tracking systems. 

BACKGROUND OF THE INVENTION. 

10 

An adaptive optics atmospheric phase distortion compensation system in a telescope is known (see J. Anuskewicz. 
MJ.Northcott. J.E.Graves." Adaptive optics at. the University of Hawaii:II.Controi system with real-time diagnostics" 
Proc.SPIE. 1994, vol.2201 , p.879-888 and J.E.Graves. F.Roddier, M.J.Northcott. J. Anuskewicz." Adaptive optics at the 
University of Hawaiiil V A photon counting curvature wavefront sensor. "-Proc.SPIE. 1994, vol 2201, p.502-507), and 

15 comprises a correcting device including a deformable t}imorph mirror on the basis of an active bimorph piezoelectric 
structure with 13 control electrodes in the form of central circle and two concentric rings, each of which is divided into 
six separate segments(see J.-RGaffard. RJagourel, PGigan. "Adaptive Optics: Description of available components at 
Laserdot. "-Proc.SPIE, 1994, vol 2201 , p.688-702) and may comprises a mirror for a wavefront tilts dynamic compensa- 
tion; a beam-splitting element; a membrane modulating mirror; a master oscillator; a modulating min'or signal amplifier, 

20 an input of which is connected with one of said master oscillator outputs, and output of which is connected with said 
modulating mirror; an image-forming optics; an anay, consisting of 13 single lenses, an arrangement and a light aper- 
ture configuration of each of said lenses are corresponding to said deformable bimorph control electrode: all optical ele- 
ment, said element Is conjugated to said lens array in such a way, that all array subaperture focuses coincide with a 
back plane thereof; an optical radiation receiver, comprising 13 single avalanche photodiodes; a set of the fiber-optic 

25 cables, each of which is conjugated to said lens array single subaperture focus and is connected with saki optical ele- 
ment on the one side and is conjugated with said radiation receiver single photodiode on the other sde; an electronic 
anplifier-converter, the inputs of which are connected witii said correcting device. 

The operation the above-mentioned adaptive optics system is based on the measurement of a wavefront local cur- 
vature inside of a light beam cross-section and tiie local radial phase tilts on the wavefront boundary with the following 

30 compensation of said tilts by means of bimorph mirror. The additional mirror may be used to compensate of said wave- 
front common tilts on the basis of the coresponding measurement data. Said modulating membrane mirror forms two 
telescope pupil exf afbcal images on the tens array: the first image is forming when said modulation min'or being con- 
caved as much as possible; the second image is fomning when sakJ mirror is convexed as much as possible. When the 
modulation is absent the plane membrane mirror Is forming a telescope pupil image on the lens array precisely. When 

35 no phase distortions exists in the light beam both said images will be kfentical, when the phase distortion being existed 
said images will be different. As a result the different exlrafocal image signals will be different for each of said photodi- 
odes. An error signal in each conf ol channel is a difference of the same radiation receiver photodiode signals, corre- 
sponcfing to different extrafbcal images. The amplified error voltage is applied to the corresponding electrode of said 
bimorph nrun-or which compensates said phase distortions in the optics system. The disadvantages of the above-men- 

40 tloned adaptive optics system are: 

1) the low amplitude of the compensatible phase distortions, caused by a low magnitude of the bimorph mirror con- 
trollable deformations and a low sensitivity thereof (maximum +/■ 10 and maximum 25 /kV respectively); 

2) a great complexity of said system, caused by the complexity and high labour content of the system single com- 
45 ponent producing, in particular producing of bimorph mirror 1 3 high-voltage control units (•»/- 400 V) and the an'ay 

of lenses. 12 of which have a non-standard configuration in ttie form of ring segments; 

3) an impossibility of a substantial phase con-ectlon accuracy increasing by means of a control channel amount 
Increasing, caused by the Impossibility of the producing of said effective bimorph minors of given class with great 
numbers of control electrodes; 

so 4) a low phase correction accuracy, caused by a low symmetry order of the bimorph mirror single control electrodes 
and the lens array single subapertures: 

5) a low acceptable input optical radiation power leyel ( .1 kW approximately), caused by the impossibility of the 
cootable bimorph min'ors of given class producing. 

55 The adaptive optics system for the compensation of the atmospheric phase distortions in a telescope Is known (see 
J.S.Pazder, E.H.RIchard8on, Q.Barrick 'Optical Designs of Adaptive Optics Modules for the Canada-France-Hawaii and 
Gemini Telescopes."-Proc. Of the ICO-16 Satellite Conference on Active and Adaptive Optics, Aug. 2-5, 1993. Garch- 
Ing/Munich, Germany. RMerWe ed., ESO Conference and Workshop Proc, 48. p.59-64 and R.Arsenault. D.Salmon, 
J.Ken- and et.al."PUEO", The Canada-Franc-Hawaii Telescope Adaptive Optics Bonnette.1. System Description."-Proc. 
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SPIE, 1994, vol.2201, p.833-842). and comprises a correcting device, including a wavefront tilt dynamic compensating 
mirror and a defbrmable bimorph mirror on the basis of an active piezoelectric bimorph structure with 19 control elec- 
trodes in the form the central ellipse and two concentric elliptical rings divided into 6 and 12 separate segments respec- 
tively (see C.Boyer, P.Jagourel, J.RGaffard et el. "Laserdot conponents of the PUEO Adaptive Optics System."- 

5 Laserdot-Cilas, September 1995): a beam-splitting element; a modulating membrane mirror; a master oscillator; a 
modulating mirror signal amplifier, the input of which is connected with one of the master oscillator outputs and the out- 
put of which is connected with said modulating mirror; image-forming optics; an an^ay of 19 single lenses, an arrange- 
ment and a light aperture form of each of said lenses are corresponding to said single control electrode of said 
deformable bimorph min-or; an optical element, which is conjugated to said lens array in such a manner, that all an-ay 

10 subaperture focuses coincide with a back plane thereof, a radiation receiver, comprising 19 single avalanche photodi- 
odes; a set of fiber-optic cables, each of which is conjugated to said lens array single subaperture focus and is con- 
nected with said optical element on the one side and is conjugated to said radiation receiver single photodiode on the 
other side; an electronic amplifier-converter, the inputs of which are connected with said radiation receiver and master 
oscillator outputs, and the outputs of which are connected with said con'ecting device. The operation of said adaptive 

15 optics system is analogous the above-described system with the difference that there are 19 phase control channels in 
said system instead 1 3. 12 of which are used for a wavefront peripheral radial tilt correction. The disadvantages of said 
adaptive optics are: 

1 ) the low amplitude of the compensatible phase distortions, caused by a low magnitude of the bimorph mirror con- 
so trollaWe deformations and a low sensitivity thereof (a maximum mirror controllable radius of curvature equals to +/■ 

34 ) 2) a great complexity of said system, caused by firstly a necessity of the special min-or using to wavefront tilts 
compensate and secondly a complexity and high labour content of the system single component producing, in par- 
ticular producing of bimorph min-or 19 high-voltage control unhs (+/- 400v) and the array of lenses. 18 of which have 
a non-standard conf iguration in the form of annular segments; 
25 3) an impossibility of a substantial phase correction accuracy increasing by means of a control channel amount 
increasing, caused by the impossibility of the producing of said effective bimorph mirrors of given class with great 
numbers of control electrodes; 

4) a low phase correction accuracy, caused by a low symmetry order of the bimorph mirror single control electrodes 
and the lens array single subapertures; 
30 5) a low acceptable input optical radiation power level ( 1 KW approximately), caused by the impossibility of the 
coolabie binrx)rph mirrors of given class producing. , 

An adaptive optics module, used for a compensation of the atmospheric phase distortion in a telescope and 
adopted as the most close to the present invention prior art Is known and comprises a correcting device, including a 

35 deformable bimorph mirror, a beam-splitting element, a modulating mirror, a master oscillator, a modulating min-or sig- 
nal amplifier, an input of which is connected with one of said master oscillator outputs, and an output of which is con- 
nected with said modulating mirror, an image-forming optics, a radiation receiver, made in form of photodiode array, and 
an electronic amplifier-converter, the inputs of which are connected with said radiation receiver and said master oscil- 
lator outputs, and outputs of which are connected with said correcting device (see.e.g.. J.E.Graves, D.LMcKenna.''The 

40 University of Hawaii adaptive optics system;1 1 1 . The Wavefront Curvature Sensor. "-ProcSPlE, 1 991 , vol1542. p.262- 
272). The operation of said optics module is analogous to the above-described systems with the difference that in the 
present case when the membrane mirror modulation being existed the telescope pupil extrafocai images are forming 
on said radiation receiver directly, but not on said lens array. The disadvantages of said known system are: 

45 1) the low amplitude of the compensatible phase distortions, caused by a low magnitude of the bimorph mirror con- 
trollable deformations and a low sensitivity thereof (maximum V- 10 and maximum 25 /kV respectively); 

2) a great complexity of said system, caused by the necessity of using of bimorph mirror 13 high-voltage control 
units (+/- 400v) and a special wavefront tilt compensating mirror; 

3) an impossibility of a substantial phase correction accuracy increasing by means of a control channel amount 
50 increasing, caused by the impossibility of the producing of said effective bimorph minors of given class with great 

numbers of control electrodes; 

4) a low phase correction accuracy, caused by a low symmetry order of the bimorph mirror single control electrodes 
and the lens array single subapertures; 

5) a low acceptable input optical radiation power level ( 1 kW approximately), caused by the impossibility of the 
55 coolabie bimorph mirrors of given class producing. 

SUMMARY OF THE INVENTION ''' /' 

The technical result of the present invention consists in a range broadening and an optical radiation phase distor- 
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tion compensation accuracy Increasing with a simultaneous increasing of an accepted power level thereof and an adap* 
tive optics system simplification. 

Said result is got by means of proposed adaptive optics module utilisation, said module comprises a correcting 
device .including a deformable bimorph mirror; a beam-splitting element: a modulating mirror: a master oscillator; a 

5 modulating mirror signal amplifier, an input of which is connected witii one of the master oscillator outputs and an output 
of which Is connected with said modulating mirror; an image-forming optics; a radiation receiver, made in the form of a 
photodiode array; and an electronic amplifier-converter, tfie inputs of which are connected with said radiation receiver 
and said master oscillator outputs and the outputs of which are connected with said conrecting device, said con'ecting 
device is made in the form of a dynamic aligning head with said installed therein deformable bimorph mirror, made in 

10 the form of a semi-passive bimorph structure, comprising a hexagonal nfK)saic system of a multilayer piezieiectric ele- 
ments of hexagonal or circular configuration, said radiation receiver is made in tiie form of the hexagonal an^ay of pho- 
todiodes with a circular or hexagonal light aperture, and said electronic amplilier-converter is made with a possibility of 
the dynamic aligning head drives control signal generating. In addition to this said adaptive optics module may be pro- 
vided witti the hexagonal array of lenses with the circular light apertures, arranged in front of said radiation receiver. 

IS Each of said radiation receiver photodiodes may be arranged in the lens hexagonal array corresponding subaper- 
ture focus. Said module may be also provided with: a set of the fiber-optic catrfes, each of which is conjugated to tiie 
lens hexagonal array single subaperture on the one side and to the radiation receiver corresponding photodiode on the 
otiier side; an optical element, conjugated to said lens hexagonal array on the one side and to the set of single fiber- 
optic cables on the other side, the focuses of all lens hexagonal array subapertures being coincided with the back plane 

20 of said optical element; and a casing, wherein all optical elements are disposed, including the radiation receiver, com- 
prising the input and output optical windows, said input optical window being disposed in front of said deformable 
bimorph mirror in a path of the beam, incoming to said minror, and said output optical window being disposed beyond 
said beam-splitting element in the path of tiie beam, reflected therefrom or passed therethrough. The input optical win- 
dow may be also made in the form of an objective, an input fight aperture thereof corresponds to a transversal dimen- 

25 sion of the beam, entering into said module, and an output light aperture tiiereof is conditioned with said deformable 
bimorph mirror control light aperture with regard for a min'or tilt angle relatively to the beam, being incident to said mir- 
ror. Said deformable bimorph mirror may be made as coolable product. Said electronic amplifier-converter may com- 
prise a preamplifier, the inputs of which are connected with the radiation receiver corresponding photodiode, and the 
outputs of which are connected with tiie inputs of a synchronous detector, provided with a subtraction circuit, one of the 

30 inputs tiiereof is connected with the master oscillator output, and a converter and a multiplier unit, connected in series 
respectively through the first amplifier with the dynamic aligning head drives and tiirough a digital-to-analogue con- 
verter and a second amplifier with tiie deformable bimorph mirror multilayer piezoelectric elements are connected par- 
allel to tiie output thereof. 

A broadening of the optical radiation phase distortion compensation range, i.e. tiie wavefront oonpensatible distor- 

35 tion maximum amplitude increasing is achieved owing to that ttie deformable bimorph mirrors made In the fam of a 
semi-passive bimorph structure, comprising a hexagonal mosaic system of multilayer piezoelectric elements of hexag- 
onal or circular configuration. Really in such a case a mirror optical surface controllable displacement amplitude is 
increased owing to the multilayer piezoelectric elements utilisation in said semi-passive bimorph mincer and a sensitivity 
of said mirror also increased. These both effects take place even as compared with tiie active bimorph mirror, used in 

40 the prior art. In tiie case when one-channel multilayer bimorph mirror, including one multilayer piezoelement, being 
used, botii these effects may be corroborated by tiie nepct numerical example: tiie reflective surface deformations at 
maximum voltage 300 V are of order 21 (for the mirror, used[ in tiie prior art- 10 at 400V); tiie sensitivity of the order 70 
/kV ( for the mirror, used in the prior art- 25 /kV) see A.G. Safrbnov, Kvantovaya elektronika. 1995, v 22, N 1 1 , pp.1 1 13- 
1 1 17. It is necessary to note ttiat said above-adduced data are averaged and they correspond top tiie bimorph mirror 

45 witti a molybdenum reflective plate, a light aperture of which Is slightiy greater than in tiie mirror, used in the prior art. 
Since tiie deformable bimorph mirror optical surface displacement are increased, so tiie wavefront compensatible dis- 
tortion maximum amplitude increases in the proposed adaptive optics module as compared with tiie prior art, i.e. .the 
optic radiation phase distortion compensation range broadening is achieved. The corresponding characteristic feature 
in such a case consist in ttiat ttie deformable min-or semi-passive binrtorph sti'ucture in tiie proposed adaptive optics 

so module comprises the multilayer elements. 

it is necessary to note that the utilisation of said characteristic feature in the known prior art and analogues is 
impossible because the single multilayer piezoelements may be realised in ttie semi-passive bimorph structure only 
The optic radiation phase distortion compensation accuracy increasing is achieved in the proposed invention owing to 
the possibility of increasing of tiie phase controlling channel amount in said adaptive system. Really the measurement 

55 and condensation of ttie wavefront distortion are possible in such a case wttti tiie greater spatial frequency ttian in ttie 
prior art as a result a compensation residual en'or is reduced, i.e. the compensation accuracy is increased. 
The coresponding characteristic features in such a case are: 

the deformable semi-passive bimorph structure comprises hexagonal mosaic system of multilayer piezoelectric 



4 



EP0779 530A1 



elements of hexagonal or drcular configuration in said adaptive niodule; 

the radiation receiver is made in the form of the hexagonal array of photodiodes with the circular or hexagonal light 

aperture. 

5 It is necessary to note that the substantial increasing of the phase controlling channel numbers is practically impos- 
sible in the known prior art or analogues, because the defbrmable mirror on the basis of active bimorph structure with 
the great numbers of the control electrodes formation is as a matter of fact an undeddable problem owing to the impos- 
sibility of both control electrodes electric arrangement and a service accepting to them. 

It is also necessary to note that an adaptive optical system of atmospheric phase distortion compensation in the 

10 telescope is known from the prior technical level, said system comprises a semi-passive deformable mirror with a hex- 
agonal system of 19 or 37 control electrodes (see RRForbes, N.Roddier. "Adaptive optics using curvature sensing"- 
Proc. SPIE, 1991, vol.1542, p. 140-147), Nevertheless the known system as distinct from the proposed module doesnl 
comprise said multilayer piezoelements In the deformable bimorph mirror, but comprises a piezoelectric plate with con- 
trol electrodes, applicated on the outer surface thereof. The operating characteristics and the efficiency of said mirror 

15 are very low, in particular, said mirror has a very tow reflective surface displacement amplitude, and the known adaptive 
optics system on the basis thereof has therefore a narrow phase compensation range (on the wavefront distortion 
anplitude). 

In addition to above-stated: 

20 1) it is also impossible to increase substantially the amount of control channels in the known system owing to the 
impossibility of the control electrode electrical arrangement; 

2) the bimorph mirror, used in the known system, has low operating characteristics, is complex to service in the real 
optics system and is so high labour-consunption while manufacturing that its practical realisation is Impossible; 

3) in the known system a radiation receiver, comprising a set of the prisms and a solid-state photomultiplier is used. 
25 which is substantially distinct from the applicated onje in the present invention, the practical realisation and an effi- 
ciency of said radiation receiver are very low. 

The efficiency of the known system as a whole and the "serviceability" thereof are therefore also too low. Thus on 
the basis of above-stated it is possible to assert that only a combination of said characteristic features enables to get 
30 the above-mentioned technical result, i.e. the range broadening and the optical radiation phase distortion compensation 
accuracy Increasing. 

The simplification of said adaptive optics system in the proposed invention is provided by the next reasons: 

1) owing to excluding of the special min'or to oonpensate the wavefront common tilts dynamically and replace said 
35 mirror with the dynamic aligning head. The corresponding characteristic features in the present case are: the cor- 
recting device is made in the form of said dynamic aligning head with the installed therein deformable bimorph mir- 
ror, made in the form of the semi-passive bimorph structure, and said electronic amplifier-converter is made with 
the possibility of the generating of the dynamic aligning head drive control signals; 

2} owing to decreasing said deformable bimorph mirror control voltage and as a consequence to replace the bulky 
40 and complex mirror control high-voltage unit with a low-voltage apparatus. The deformable bimorph mirror control 
voltage decreasing is provided in turn by the multilayer piezoelements utilisation in the design thereof. Really in 
such a case it is necessary to apply the substantially lesser control voltage to the deformable bimorph mirror as 
conpared with the known prior art and analogues for the compensation of the phase distortions with the predeter- 
mined anplitude. Said high-voltage control units may be therefore replaced with the low-voltage units without the 
45 adaptive optics module efficiency decreasing. The con'esponding characteristic in such a case consists in that said 
deformable bimorph structure comprises said hexagonal mosaic system of multilayer piezoelectric elements. It is 
necessary to note that the use of the dynamic aligning head for the adaptive optics system simplification is known 
from the prior technical level (see A.V. Ikramov, A.G.Safronov."Optical adaptive module". RU Patent according to 
the application 92010078/28(055359) Of o7.12.1992. irit.Ci.G02B 26/06, favourable decision of 04 08 1994). Nev- 
50 ertheless only the combination of the both above-listed characteristic features enables to get the substantial above- 
mentioned technical result with the guarantee, i.e. to achieve the substantial guaranteed simplification of said adap- 
tive optics system in the proposed invention both in optomechanical and electronic parts. 

in addition to this it is necessary to note that the use of the first of two above-named characteristic features in the 
55 prior art, namely, that said correcting device is made in the form of the dynamic aligning head with the installed therein 
defbrmable bimorph mirror, is impossible. 

In any case if for this purpose the standard industrial aligning head, e.g.,B-455.20 (or B-455.30) Gimbal. Mount Mir- 
ror Holder with Piezoelectric Fine Adjustment ( at Catalogue B-455 or B'455-30) of Physik Instrumente (PI) GmbH 
Company is used. The reason of this- the substantial overall dimensions and weight of the deforn^able bimorph mirror. 
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used in the prior art (cfiameter-lOO mm, length-80 mm, weight-order of 1 kg). As all example these data may be com- 
pared with the analogous characteristics of the multilayer one-channel semi-passive bimorph mirror (the multichannel 
semi-passrve bimorph mirror weight-dimensions parameters will obviously differ with each other unsubstantially): diam- 
eter-60-70 mm, thickness (without electrical connector)- 13 mm, weight- about 250g (see A.G, Safronov, Kvantovaya 

5 elektronika, 1995, v 22, N 1 1 , pp 1 1 13-1 1 17). Said deformaWe mirror with the above-listed characteristics is practically 
ideally installed into said dynamic aligning head, including installing the above-mentioned production specimen. The 
achievement of said above-mentioned technical result (i.e. tlie' adaptive optics system simplification) as compared with 
the prior art is thus provided In the case of the combination of the above-listed features only, namely, the correcting 
device is made in the form of the dynamic aligning head with the installed therein deformaWe bimorph structure, com- 

jo prising the hexagonal mosaic system of multilayer piezoelectric elements, and the electronic amplifier-converter is 
made with the possibility of the generating of the dynamic aligning head drives control signals. 

One of the characteristic features of the present invention is that for the purpose of the adaptive optics module sen- 
sitivity increasing the hexagonal array of lenses with the circular light apertures, arranged in front of said radiation 
receiver is provided. The adaptive optics module sensitivity increasing is achieved in such a case by the possibility of 

15 all radiation receiver photodiode light aperture decreasing and as a result dark currents thereof and the system internal 
noises deaeasing. It Is necessary to note that lens array utilisation to increase of the sensitivity takes place in the 
known analogues. Nevertheless In both cases the single lenses are used in these arrays. The lens conf iguration, cor- 
responding to the binK)rph mirror single electrodes, is non-standard. The manufacture and the optical control of said 
lenses are therefore complex and laborious. The possibility of replacing of the non-standard optical lenses with the 

20 usual circular lenses results in further simplification of said adaptive optics module. Thus only the use of the present 
characteristic feature at whole (i.e. the module is provided with the hexagonal array of lenses with the circular light aper- 
tures, arranged in front of the radiation receiver) enables not only to get the adaptive optics module sensitivity Increas- 
ing, but provides the substantial technical result, on the getting of which the present invention is aimed (the adaptive 
optics system simplification). 

25 To increase the sensitivity and the reliability of the proposed adaptive optics module and to further broaden the 
functional potentialities thereof each of radiation receiver photodiodes may be disposed in a lens hexagonal anBy cor- 
responding aperture focus; said module may be provided with a set of the fiber-optic cables, each of which is conju- 
gated to the single aperture of the lens hexagonal array on the one side, and to the radiation receiver con'esponding 
photodiode on the other side. Said module may be also provided with the optical element, conjugated to the lens hex- 

30 agonal array on the one side and to the set of single fber-optic cables on the other side, the focuses of all lens hexag- 
onal subapertures being coincided with a back plane of ^said optical element. Said module may be provided with a 
common casing, wherein all optical elements are disposed, including said radiation receiver. Said casing comprises the 
input and output optical windows, the input optical window being disposed in front of deformable bimorph mirror in a 
path of a beam, incoming thereto, and the output optical window being disposed beyond the beam-splitting element in 

35 the path of a beam, reflected therefrom or passed therethrough, said input optical window may be made in the form of 
an objective, an input light aperture thereof corresponds to a transversal dimension of a beam, entering into said mod- 
ule, and an output light aperture thereof is conditioned with a deformable mirror controllable light aperture with regard 
for a min'or tilt angle relatively to the beam, being incident thereon. Said electronic amplifier-converter may comprise 
the preamplifier, the inputs of which are connected with the radiation receiver corresponding photodiodes and the out- 

40 puts of which are connected with the inputs of the synchronous detector, provided with the subtraction circuit, one of 
the inputs thereof is connected with the master oscillator output, and a converter and a multiplier unit connected in 
series respectively through the first amplifier with the dynamic aligning head drives and through the digital-to-anatogue 
converter and a second amplifier with the deformable bimorph mirror multilayer piezoelectric elements are connected 
parallel to the output thereof. 

45 As it was noted above one of the present adaptive optics module attributes is that said deformable bimorph min'or 
is made in the form of coolable product for the purpose of the input optical radiation acceptable power level increasing. 
There is necessary to note that the use of the present characteristic feature in the prior art is impossible (i.e. said tech- 
nical result- the input optical radiation acceptable power level increasing- isnt achievable), because there is impossible 
to realise a reflective surface cooling system in said bimorph deformable mirror on the basis of active bimorph structure. 

50 Therefore the combination of the characteristic features only ( that said deformable bimorph mirror is made in the form 
of the semi-passive bimorph structure and in the form of the coolable product simultaneously) enables to get said tech- 
nical result. 

BRIEF DESCRIPTION OF DRAWINGS 

55 

!n Fig. 1 a diagrammatic design of an adaptive optics nrKx|ule, including a possible embodiment of a casing thereof 
is shown. .* , . 

In Fig 2 a dynamic aligning head design is schematically shown to explain a principle of the operation thereof. 
In Fig.3 a diagrammatic section of a deformable bimorph mirror on the t>asis of semi-passive bimorph structure is 
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shown when 5 piezoelectric plates (piezotayers) being used in each multilayer piezoelement. 

In Fig. 4 a view of a deformable bimorph mirror from the multilayer piezoelectric elements side is shown for the case 
when said elements have a hexagonal configuration and a number thereof equals to 19. 

In Rg.5 a radiation receiver is shown for the case when said receiver Is an array consisting of 1 9 photodiodes with 
5 hexagonal light apertures. 

In Rg.6 an electronic amplifier-converter block diagram is shown. 

In Fig.7 a fragment of the adaptive optics module design is shown when the array of lenses with circular light aper- 
tures being used. 

in Fig.8 a lens array is shown for the case when said lenses have a circular configuration and a common number 
10 thereof equals to 19. 

In Fig.9 a fragment of an adaptive optics module design is shown when an additional optical element and a set of 
the fiber-optic cables being used beyond the lens array. 

THE BEST EMBODIMENT OF THE INVENTION 

IS 

. An adaptive optics module comprises a dynamic aligning head 1 with a deformable bimorph min^or 2, Installed 
therein, a beam-splitting element 3, a modulating mirror 4. a radiation receiver 5. a master oscillator 6. a modulating 
miror signal amplifier 7 and an electronic amplifier-converter 8, see Fig 1 . In addition to this said adaptive optics nrod- 
ule comprises optionally a casing 9, including the input 10 and oulput 1 1 optical windows, Fig. 1 . Said dynamic aligning 

20 head comprises a stationary base 12. two support 13 and 16, two piezoelectric drives 14 and 17, a movable frame 18, 
see Fig.2. Said deformable bimorph min'or comprises a casing 19, a reflective plate 20, the multilayer piezoelectric ele- 
ments 21 , connecting electric wires 22 and an electric connector 23, see Fig.3 and Fig.4. Said radiation receiver com- 
prises the photodiodes 24, see Fig.5. Said electronic amplifier-converter conprises a preanplifler 25, a synchronous 
detector and a subtraction circuit 26, a control matrix multiplier 27, a digrtal-to-analogue converter 28, the output ampli- 

25 tiers 29 and a converter 30, see Fig.6. Said adaptive optics module comprises optionally an array of lenses 31, see 
Fig.7, said lenses have the circular light apertures 32. see Fig. 8, an optical element 33 and a set of the fiber-optic 
cables 34. see Fig. 9. Said piezodrives. being a part of said dynamic aligning head design, are conventionally shown in 
Fig. 1 by the arrows, A direction of the optical beam propagation between the optical components and a direction of an 
electric signal passage between the electronic devices are shown in Fig.7 by the corresponding arrows 7 and 9. Both 

30 extreme positions of the modulating mirror optical surface 4 are schenratically shown in Fig.1.7,9 by dotted lines. Two 
mutually perpendicular coordinate axes are denoted in Fig.2 by the symbols X and Y. 

The symbols "N" and "2" near the single unit communication lines in Fig 6 denote that the corresponding devices 
have several input and output channels. 

Said adaptive optics module operates in a following way. 

35 The input optical radiation (a beam) incomes (see Fig. 1) to said deformable bimorph min^or 2, installed within said 
dynamic aligning head 1 and further to said beam-splitting element 3, from which small portion of said radiation is car- 
ried away into a receiving optical channel (i.e. to said modulating mirror 4) and the main beam incomes to the module 
oulput. An optical radiation, reflected from said nruxlulating miror 4. incomes to said radiation receiver 5 and the electric 
signals are applied from said receiver to the input of said electronic-converter 8. In the initial state an optic configuration 

40 of said deformable bimorph mirror 1 and said modulating mirror 4 Is plane, and all nruxiule optomechanical elements 
(1,2,3,4 and 5) including the image-forming optics (not shown) in drawings) are aligned in such a manner that a real 
focal image either of a radiation source or an observation object is formed on said radiation receiver. While a module 
optical circuit initial aligning an optical beam with a planar wavefront is used. There is necessary to note that the angels 
of an optical beam incidence to said optical elements are conventionally shown and may be varied in each specific case 

45 in the necessary way 

When an electrical, e.g., sinusoidal signal being income in initial state from said master oscillator 6 through said 
amplifier 7 to said modulating mirror 4 the latter changes its curvature. Said modulating mirror 4 may be made In the 
form of membrane or bimorph product. Two extrafocal Images are forming on said radiation receiver 5 at the moments 
of time, corresponding two maximum modulating mirror saggings. opposite in sign (see Fig.1). These extrafocal images 

so are identical in the initial state when the input optical beam with the plane wavefront being income. 

An electric signal from each radiation receiver photodiode 24 (see Fig.5) is applied to the input of the amplifier-con- 
verter 8, in which each signal is amplified at first in said preamplifier 25 (see Flg.6), and is then applied to synchronous 
detector and subtraction circuit 26. The channel number of said preamplifier 25 and said synchronous detector with said 
subtraction circuit 26 (see Rg 6) corresponds to amount of said receiver radiation photodiodes 24 (see Rg.5). 

55 In Fig.6 It is shown by a symbol "N" near the communication lines of the corresponding units. Two signals are 
detecting in each channel of said synchronous detector 26(see Fig.6), each of which Is proportional to the optical radi- 
ation intensity on the con^esponding photodiode 24(see Fig. 5) of said radiation receiver 5 (see Fig. 1) at the moments 
of time, con-esponding two extreme positions of said modulator minor optical surface, i.e. when two extrafocal images 
being formed on the radiation receiver 5. For this purpose an electric signal is applied from said master oscillator 6(see 
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Fig. 1) to said synchronous detector 26 (see Fig.6) The electric signal at the output of each channel of said subtraction 
circuit 26 (see Fig.6) Is the difference of said both signals. 

Since in the initial state while the input optical beam being had the plane wavefront the formed extrafocal images 
are identical, so in the present case the electric signals at the output of all channels of said synchronous detector and 

5 said subtraction circuit 26 will be equal to zero. As a result all electric signals at the electronic amplifier-converter input 
(see Fig.6) and at the dynamic aligning head 1 and deformable binrK)rph mirror 2 inputs will be equal to zero, the mirror 
configuration being remained plane and the output optical beam being had the plane wavefront as earlier. When the 
wavefront distortions being existed in the input optical beam the extrafocal images, forming on the radiation receiver 
5(see Fig.1) at the moments of time corresponding to two extreme positions of the modulating mirror reflective surface, 

10 are different. As a result the output electric signal in each channel of said synchronous detector and subtraction circuit 

26 (see Ffg.6) will be other than zero. The corresponding difference signal at the input of each such channel for the inner 
photodiodes 24 (see Fig. 5) of the radiation receiver 5(see Fig. 1) will be proportional to the local curvature ( inversely 
proportional to the curvature radius) of the optical beam wavefront, i.e. to the wavefront curvature within the limits of the 
single subaperture (the sensitivity pad of the single photodiode 24) of the radiation receiver 5. For the peripheral pho- 
ts todiodes 24 (see Fig. 5) of the radiation receiver 5 (see Fig. 1) said difference signal at the output of each corresponding 

channel of the synchronous detector and the subtraction circuit 26 (see Fig.6) will be proportional to the local tilt of input 
optical beam wavefront (see F Roddier. "Curvature sensing and compensation, a new concept in adaptive optics. "-Appl. 
Opt , 1988, V.27, 7. p 1 223- 1225). Both these conditions are achieved by conditioning of the radiation receiver light aper- 
ture and the transversal dimension of said optical beam, incoming thereto. 
20 The electric signals are applied from the synchronous detector and the subtraction circuit output (see Fig.6) to tiie 
multiplier unit 27, which generates the deformable bimorph 2(Fig. 1 ) control signal by the matrix multiplication operation 
execution: 

V=C X U (1) 

25 

where U- vector of output signals of synchronous detector and subtraction circuit 26 (see Fig.6). i.e. each element Ui of 
vector U corresponds to output voltage in the signal channel; vector U dimensions equal to N. i.e. to the amount of the 
single subapertures (single photodiodes 24, see Fig.5) of the radiation receiver 5 (see Fig. 1); C- control matrix, dimen- 

30 sions of which in the present case are NxN; in the simplest case a matrix C is diagonal, and the elements thereof are 
determined by the experiment in the preliminary stage of adaptive optics module calibration with the different reference 
source using; V- vector of output signals of the control unit 27 (see Fig.6), each element Vi of vector V corresponds to 
the single control signal of the deformable bimorph mirror 2 (see Fig.6); dimensions of said vector V equal to the 
number of control channels of the deformable bimorph mirror 2 (in the present case N) 

35 Said digital-to analogue 28 (see Fig.6) and said output amplifier 29 convert the output signals of the multiplier unit 

27 into the control electric voltage, which is applied to said deformable bimorph mirror 2 (see Rg.1), comprising a cas- 
ing 19 (see Fig.3 and Fig.4) and a semi-passive bimorph structure, formed by the reflective plate 20 and the hexagonal 
mosaic system of multilayer piezoelectric elements 21 of hexagonal or circular configuration (in Fig.4 multilayer piezoe- 
lements of hexagonal configuration are shown). The electric control voltage is applied to the multilayer piezoelement 

40 through the electrical connector 23 and connecting wires 22 (see Fig.3). Owing to the intemal connections the electric 
voltage is applied to each ptezolayer (or piezoplate) in each multilayer piezoelement, that is in principle important to get 
the atx3ve-mentioned technical result. VVhen electric voltage being applied to multilayer piezoelements they are 
deformed owing to inverse piezoelectric effect, that is the cause of the deformations (bending) of corresponding local 
semi-passive bimorph structure and as consequence of the deformable bimorph min^or reflection surface. 

45 In the most simple case (in the presence of only one control electrode or only one multilayer piezoelement of circu- 
lar configuration, the centre of which coincides with the min-or c^re) the configuration of the semi-passive deformable 
bimorph mirror reflective surface W(r) when control voltage V being applied, is circumscribed by the next formula (within 
the limits of the control electrode or the piezoelement): 

50 W(r)=-K(r/ro)2V. 0<r<ro (3) 

where Tq- control electrode (multilayer piezoelement) radius, K- mirror amplitude sensitivity. Said analytical formula (2) 
is received in the work: P.Jagourel, R-Y.Madec, M.Sechaud. "Adaptive Optics: A bimorph mirror for wavefront correc- 
tion. "-Proc. SPIE, 1990. vol.1237, p.394-405; tiie experimental verification- in the work A.G. Safronov, Kvantovaya ele- 
55 ktronlka. 1995. v.22. N 11, pp. IIIS-'TTiere is necessary to note that formula (2) doesnl take into account a 
piezoceramic hysteresis effect and is noted for the deformable mirror with the initial plane configuration of the reflective 
surface thereof. It is obvious an equation (2) circumscribes a paraboloid of revolution with a cunature radius at the apex 
Rcr: 
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Rc,= ro^/2KV (3) 

which is Inverse proportional to said control voltage V. It's clear thus, that in the simplest case of multilayer piezoelectric 
element of circular configuration there is one-to-one correspondence between the corresponding photodiode difference 

5 signal, proportional to the distorted wavefront curvature, and the deformat)le bimorph mirror reflective surface curva- 
ture, proportional to control voltage (In the present case there is meant, that the difference signal is taken away from the 
radiation receiver photodiode, the arrangement and the dimension of which correspond to the bimorph mirror multilayer 
piezoelement). Therefore for the considerable case the deformations of the bimorph mirror with one central piezoele- 
ment when the control voltage, the magnitude of which is proportional to the photodiode difference signal, being applied 

10 will result in wavefront curvature connection (compensation) in the input (distorted) optical beam. The considered sim- 
plest case in the proposed adaptive optics module corresponds to the central multilayer piezoelement of the deformable 
bimorph mirror (see Fig.4) and to the central photodiode of said radiation receiver(see Fig.5). It Is clear that in the case 
of hexagonal configuration of the piezoelement and the radiation receiver subaperture the above-adduced reasoning 
remain valid, since a difference of a hexagon area from the area of the circle, inscribed Into said hexagon, Is Insignifl- 

15 cant. 

For the multilayer piezoelements 21 , shown in Fig.4. a configuration of the bimorph mirror reflective surface when 
the deformation of the elements being taken place will differ from the formula (2) even for a case when sakJ piezoele- 
ments will be circular. It's caused owing to displacement of the piezoelements to the mirror edge. Nevertheless within 
the limits of the most internal multilayer piezoelement said difference will be insignificant and one may consider that the 

20 bimorph miror reflective surface curvature is proportional within the limits of said piezoelement to control voltage, 
applied to said element (e.g., for the bimorph minnor. comprising the monolithic piezoelectric plate and segmental con- 
trol electrode it is verificated by calculated and experimental data in the next work: . A.V. Ikramov. I.M. Rostchupkin, 
A.Q.Safronov, Kvantovaya elektronika, 1994, v. 21 , N 7. pp. 665-669). When the control voltage, proportional to the dif- 
ference signal from the corresponding photodiode 24 (see Fig.5) of the radiation receiver being applied to the internal 

25 piezoelements 21(F)g.3 and Fig.4) a correction of the local curvature of the input optical beam distorted wavefront will 
be take place therefore. 

There is necessary to note that the last reasoning remain valid in that case, if the summary aperture, occupied by 
the internal multilayer piezoelements 21 (see Fig.4) is found within the Input optical beam cross-section. This also 
relates to the summary aperture occupied by the interna) photodiodes 24 (see Fig.5) of the radiation receiver. 

30 There is necessary to note that the single multilayer piezoelements 21 of the bimorph mirror (see Fig. 4) and the 
single apertures 24 (photodiodes) of the radiation receiver (see Fig.5) may have the circular configuration (it isn't shown 
in Fig.4 and Fig. 5). In this case as compared with the hexagonal configuration thereof, as shown in Fig.4 and Fig.5. the 
greater symmetry of a single multilayer piezoelement response function is provided owing to equal curvature of saiti 
response functions in different possible angular directions. Owing to grater symmetry the better corespondence 

35 between the real local curvature in the input optical beam distorted wavefront( the corresponding photodiode difference 
signal is proportional said curvature) and the controllable local curvature of the deformable bimorph mirror reflective 
surface is provided, that results finally in the existing phase distortion compensation (correction) accuracy increasing. 
Nevertheless there Is necessary to say In turn that the hexagonal configuration of the piezoelements 21 (see Rg.4) and 
the photodiodes 24 (see Fig.5) provides the most High-density packaging within the limits of the light aperture. The 

40 more dense occupation of the light aperture by the piezoelements provides, when other things being equal the greater 
(though insignificantly) reflective surface defbrnvation amplitude, which is proportional to the piezoelement(s) area, see 
formula (2). 

For the peripheral multilayer piezoelements 21 , shown in Fig.4, the bimorph mirror reflective surface configuration 
in the light aperture zone corresponds under the deformation of said elements to local peripheral tilt. i.e.. when control 

45 voltage being applied to the peripheral piezoelement 21 the reflective surface 20 (see Fig.3)of the defomiable bimorph 
tilts at certain in the light aperture, corresponding zone (see A.V.Ikramov, S.V. Romanov, I.M. Rostchupkin, A.G. 
Safronov, A.O.SuIimov, Kvantovaya elektronika. 1992, v. 19, N 2, pp. 180-183).A strict execution of said condition is 
achieved by the conditioning of the transversal dimension of the optical beam, being incident to said bimorph mirror 
(see Fig. 1) and the arrangement of the peripheral multilayer piezoelements 21 (see Fig.3 and Fig.4). A characteristic 

50 example for the segmental electrode of the monolithic piezoelectric plate Is adduced in the work: R.Arseuault. 
D.Salmon. J.Kerr and et.al.''PUEO'*. The Canada-France-Hawaii Telescope Adaptive Optics Bonnette.1 "System 
Description''-Proc. SPIE, 1994, vol.2201 p.833-842. It is clear thus that there is one-to-one correspondence between 
the difference signal of the radiation receiver certain peripheral photodiode 24 (see Fig.5), which is proportional to the 
distorted wavefront local tilt in the corresponding zone of the input optical beam cross-section on the one side and the 

55 deformable bimorph mirror reflective surface local tilt in th4 light ^erture corresponding zone, which is proportional to 
control voltage, applied to the corresponding peripheral multilayer piezoelement on the other side. When control volt- 
ages, proportional to the difference signals from corresponding peripheral photodiodes 24 (see Fig.5) of the radiation 
receiver, being applied to the peripheral piezoelements 21 (see Fig.3 and Fig.4) the correction of the input optical beam 
distorted wavefront local edge (peripheral) tilts will therefore take place. Beside of the described phase connection in the 
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proposed adaptive optics module it is possible to compensate wavefront common tilts with using of dynamic aligning 
head 1( see Fig.1) It realises in a following way. The difference electric signals are applied from the synchronous detec- 
tor and the subtraction circuit 26 (see Fig.6) to the converter 30, which generates control signals by two piezoelectric 
drives 14 and 1 7 (see Flg.2) of the dynamic aligning head 1 (see Fig. 1). In the simplest case said piezodrive control sig- 

5 nats may be generated by uniting of all peripheral photodiodes 24 (to say more exactly the difference signals thereof) 
in four separate groups, the an-angement each of which corresponds to one of four directions of two mutually perpen- 
dicular axes X and Y shown in Fig.2. Further the summation of all difference signals in each of said group is made, that 
results in four single signals generation, each of which con^esponds to one of four directions of two mutually perpendic- 
ular axes X and Y. (Instead of said summary signals one may simply choose four difference signals of four single periph- 

w eral photodiodes 24, the arrangement each of which corresponds to one of axes X and Y directions). Then a mutual 
subtraction of the signals, coresponding to the opposite directions of one axis X or Y Is made. It is clear that each sig- 
nal, generated in such a manner, is proportional to the input optical beam wavefront tilt angle along corresponding axis. 
All above-listed operations are executed by said converter 30 (see Flg.6)hereafter the generated signals are amplified 
in said amplifier 29 and are applied to the con^esponding drives 14 and 1 7 (see Flg.2)af the dynamic aligning head (see 

15 Fig.1). 

The connection of con-esponding piezodrives 1 4.1 7 and the supports 13,16 (see Fig.2 with a movable base 1 5 and 
frame 18) is made in the form of a hinge, that provides a tilts of the movable frame 18 along two mutually perpendcular 
axes X and Y .when the displacements of the corresponding piezodrives 1 4 and 1 7 being taken place. The deformaWe 
bimorph mirror 2 is secured in the movable frame 18 of the dynamic aligning head 1(see Rg.l). When control voltages 

20 are applied from the amplifier input 29 (see Fig.6) to said piezodrives 1 4 and 1 7 (Fig 2) by the rotation of the deformable 
bimorph min'or 1 (Rg.l ) the compensation of the input optical beam distorted wavefront common tilts takes place along 
two axes. There is necessary to note that as it said above instead of special dynamic aligning head, the operation dia- 
gram of which is presented in Fig.2. the standard production samples may be used (an example was presented above, 
see page ). In addition to this the use of piezoelectric control drives in said dynamic aligning head isnl also obligatory 

25 Instead of them there is in principle possible to use any other drives, in particular, electrostrictive, electromagnetic 
drives, etc. 

When the dynamic phase distortions, i.e. time-varied, being taken place, the operation of said adaptive optics mod- 
ule is analogous to the above-descn'bed with the difference that the compensation of the wavefront local curvature, local 
peripheral tilts thereof and common tilts in each said conesponding channel is an iterative process, the purpose of 

30 which- an optics system quality irrproving (an image improving, a dynamic focusing, etc.). 

On the tasis of above-stated one may thus assert that the proposed adaptive optics module executes the effective 
compensation of the optical radiation phase distortions. In accordance with the above-conducted consideration the 
described design provides a guaranteed substantial range broadening and the optical radiation phase distortion com- 
pensation accuracy increasing owing to the combination of all said characteristic features with the simultaneous 

35 increasing of the accepted power level thereof and the simplification of said adaptive optics system, i.e. said combina- 
tion of all characteristic features enables to get said technical result. 

It is appropriate to make some remarks relatively to the adjustment and optimisation of the proposed device. Firstly 
the above-mentioned repeatedly the proportionality between the radiation receiving signals on the one side and the 
deformable bimorph mirror 2 and dynamic aligning head 1 control actions on the other side is achieved by the experi- 

40 mental selection of gain factors of the amplifiers 25 and 298 in the corresponding channels of the electronic amplifier- 
converter 8. Secondly one may achieve the further increasing of the accuracy of the phase distortion conpensation and 
decreasing of system time convergency by adding extradiagonal elements into the matrix C (formula 1). Said extradi- 
agonal elements of the matrix C are determined experimentally by the adaptive optics nxxlule calibration with different 
reference light sources using. 

45 There is necessary also to note that one more feature exists in the proposed adaptive optics module as compared 
with the prior art and known analogues, resulting in the optical radiation phase compensation accuracy increasing. As 
stated above both in the prior art and in the analogues the deformable bimorph mirrors with the control electrodes in 
the form of annular segments are used. Tlie dimension thereof in the different angular directions is therefore different. 
Hence it appears that when control voltage being applied to such the local curvature of said mirror reflective surface (I.e. 

50 within the limits of electrode) will be different for different directions. It is in particular obvious from the formula (3). in - 
which the reflective surface local curvature radius is proportional to tiie square of the electrode radius ro. The more pre- 
cise calculations and the evident results for the control electrodes are presented in the work: A.V. ikramov. l.M. Rostch- 
upWn, A.G.Safronov, Kvantovaya elektronika, 1994. v 2f. N T.'.PP 665-669. 

One of the results in said work lies in that a aoss-section of the segmental electrode response function is an 

55 ellipse, that, strictly speaking, means the differ local cun^ture'of the bimorph mirror reflective surface (within the limits 
of the electrode) in different directions, that in turn is equivalent to the different con^ectable local curvature of the radia-' 
tion wavefront, reflected from said min'or In different directions. On the other side the wavefront local curvature, meas- 
ured by the radiation receiver within the limits of the single subaperture doesnt comprise some selected angular 
directions, in which a local curvature radius would differ substantially from the other directions. One of the reason of tiiat 
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is . by way of illustration, the Incidental phase distortion character in the input optical beam. In addition to this there is 
no reason for supposing that the wavefront local curvature in the input optic beam within the limits of the single aperture 
of said radiation receiver will differ namely in that two spatial directions, in which said subaperture has substantially dif- 
ferent geometrical dimensions ( for the segmental subapertures of said radiation receiver in the prior art said directions 

5 correspond to the radial direction and to the direction, that is perpendicular thereto). In the known analogues and in the 
prior art there is thus a disproportion between a real measured wavefront local curvature within the limits of the single 
subaperture of the radiation receiver and the correctable local curvature within the limits of the corresponding control 
electrode of the deformable bimorph minror, caused by a low order of the spatial symmetry of the mirror control elec- 
trode. It is clear that said disproportion results in the phase distortion compensation residual en'or increasing in the 

10 known analogues and in the prior art, and in the compensation accuracy decreasing. 

As distinct from the known analogues and the prior art In the proposed adaptive optics module a configuration of 
the single multilayer piezoelectric elements is either circular or hexagonal, that provides an equality (or almost equality) 
of said piezoelement dimensions in the different angular directions as compared with the control electrode segmental 
configuration in any case in the prior art and the analogues. In the proposed module the single piezoelement response 

IS functions will therefore have the greater symmetry, i.e. the radii of the surface mirror local curvature within the limits of 
coresponding piezoelement will be identical (or almost identical) for cfifferent angular directions. As a result there will 
be getting the full (or almost full) correspondence between the measured local curvature and the corected local curva- 
ture as compared with the prior art in any case. It results correspondingly in the optical radiation phase distortion com- 
pensation accuracy increasing in the proposed adaptive optics module. 

20 In the present case the con-esponding characteristic feature of the proposed invention is that the multilayer piezo- 
electric elements of the semi-passive bimorph structure of said deformable bimorph mirror have the hexagonal or cir- 
cular configuration and form the hexagonal mosaic system and said radiation receiver Is made in the form of the 
hexagonal array of photodiodes with the circular or hexagonal light aperture. It is necessary to note that the above- 
adduced reasoning are In the present case fully correct and urgent relatively to the known from the prior technical level 

25 adaptive optics system of the compensation of the atmospheric phase distortion in the telescope, comprising a semi- 
passive deformable binrorph minror with the hexagonal system of 19 or 37 control electrodes (see page ). Thus only the 
combination of all characteristic features stated in claim 1 enables to get substantial technical result, namely, a guaran- 
teed considerable increasing of the optical radiation phase distortion compensation accuracy firstly, and the broadening 
of the range thereof secondly. 

30 The utilization of an additional array of lens 31 in the proposed adaptive optics module is shown in Fig.7, and the 
design and an'angement of its single subaperture 32 is shown in Fig. 8. In the present case the operation of the adaptive 
optics module is analogous to the above-adduced with the^difference that both extrafocal images, conesponding to two 
maximum but opposite in sign saggings of the modulating nn|irror 4 (see Fig.7) are forming not on the radiation receiver 
5 directly but on the array of lenses 31 . Each subaperture 32 (see Fig.8) of said array directs an optical radiation (brings 

35 said radiation into focus) to the corresponding photodiode 24 (see Fig.5) of the radiation receiver (see Fig.7). In all other 
respects the operation of said proposed module, including all above-mentioned niceties, corresponds to the above- 
adduced description. In accordance with the above-conducted consideration saki described design provides the adap- 
tive optics module sensitivity increasing and the further (additionally to Claim 1) adaptive optics system simplification 
owing to the combination of said characteristic features- namely that said module is provided with the hexagonal array 

40 of lenses with circular light apertures, arranged in front of the radiation receiver- i.e. enables to get the above-mentioned 
technical result. It is necessary to note tiiat the single photodiodes 24 (see Fig.5) of the radiation receiver 5(see Fig.7) 
may dispose in the focuses of con-esponding subapertures 32 (see Rg. 8) of the lens hexagonal array (see Fig. 7. 
pos.31 ). Just that very case is shown in Fig.7. In addition to this there is possible in the present case to use single pho- 
todiodes with the dot subaperture (the sensitive pad), e.g., avalanche-type. 

45 The utilisation of the set of the fiber-optic cables 34 in the proposed adaptive optics module is shown in Fig. 9. In 
the present case said module is provided with the optical element 33, conjugated to the lens hexagonal an-ay on the 
one side. The focal power and the length of said optical element 33 are selected in such a way, that the focuses of all 
subapertures of the lens hexagonal array would coinckie with ttie back plane thereof, as it is shown in Fig.9. Each f ber- 
optic cable 34, conjugated through said optical element 33 to single aperture of lens hexagonal array (to say more 

50 exactly to the focus thereof) on the one side, and to the. corresponding photodiode of sakJ radiation receiver 5 on the 
other side, provides a transmission of the optical radiation, incoming to the present subaperture of the lens an-ay, to the 
corresponding receiver photodiode. In all other respects the operation of saxi proposed module including all above- 
mentioned niceties, con^esponds to the above-adduced description. 

It is necessary to note that the entry or extraction of the optical radiation in each fiber-optic cable 34 (or from it) may 

55 be carried out by means of the gradient optical elements (gradans), not shown in drawings. In addition to this the single 
photodiodes of sakJ radiation receiver 5 may be arranged not in the form of above-described hexagonal array but in the 
random order. 

The utilisation of the casing 9 with the input 1 0 and tHe output 1 1 optic windows in said module is shown in Fig. 1 . 
In the present case the input optical radiation (a beam) passes tiirough said input optical window 10 in the common cas- 
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ing 9 of said adaptive optics module. In said casing all optics elements including the radiation receiver 5 are disposed. 
The output (corrected) optica! beam is extracted outside from the output optical window 11. Said window may be 
arranged both In the path of the beam, reflected from the beam-splitting element 3 (shown in Rg. 1), and in the path of 
the beam passed through sad element ( not shown in Fig.l). In the last case the arrangement of the modulating mirror 

5 4 is also changed. In all other respects the operation of said proposed module, Including all above-mentioned niceties, 
corresponds to the above-adduced description. 

It is necessary to note that in the present case the input optical window may be made in the fonn of an objective, 
the input light aperture of which corresponds to the transversal dimension of the beam, entering into said module, and 
the output light aperture thereof is conditioned with the deformatile mirror controllable light aperture with regard for tilt 

10 angle of said mirror relatively to the beam, being incident thereto. Said distinct of the proposed adaptive optics module 
provides the substantial broadening of the functional potentialities thereof. Really in such a case the proposed module 
may be stocked with a set of different accessory heads, each of which provides the conditioning of said module with the 
external optics system. Analogous optical heads may be also used instead of said output optical window 1 1, that isn't 
shown in drawings. It is necessary to note that with the purpose the Input optical radiation level power increasing the 

15 deformable bimorph mirror 2 (see Fig. 1 ) in the proposed adaptive optics module may be made in the form of a coolable 
product This species of the present invention Isnl shown in drawings. In such a case an operation of the proposed 
module including all above-mentioned niceties, corresponds to the above-adduced description. In according with the 
above-conducted consideration said described design provides the input optical radiation accepted power level increas- 
ing owing to the combination of said characteristic features- namely that said deformable bimorph mirror is made in the 

20 form of the semi-passive bimorph structure and simultaneously in the form of the coolable product, i.e. enables to get 
the above-mentioned technical result. 

INDUSTRIAL APPLICATION 

25 An adaptive optics module may be realised with using of the standard industrial equipment, known materials and 
production operations. The main components of the proposed adaptive optics module are either standard or experi- 
mental industrial products or said components are described in other patents of the same inventor. 

As compared with the tip-to-date systems of compensation (con-ection) of the optical (laser) radiation wavef ront dis- 
tortions, e.g., as compared with the industrial one-channel adaptive optics system of German Company Diehl GmbH & 

30 Co., used in the laser industrial complexes, the proposed adaptive optics module has the next advantages (without 
regard for different number of the channel): 

1. The simplicity of its design, which is provided by the minimum set of the optical and electronic components, 
utmost simple in turn. 

35 2. Realisation of all optics system in the common casing in the form of an autonomous optoelectronic device. Such 
feature enak)les to use said device as an attachment (module) to the laser system to improve the characteristics 
thereof. For example, the industrial laser may be stocked with said module, the conditioning of a light aperture is 
executed by means of the con'esponding collimator, which as a accessory head is mounted instead of the Input 
window. Analogously said device may be used with the other laser systems. 

40 3. The absence of an interference into the circurt and design of the laser or optical systems, in which the phase dis- 
tortions are compensated. This merit may be very important, since there is more complicated to develop and put in 
production, e.g. , the production of laser with an adaptive* resonator. In the latter case there have to decide the prob- 
lems of laser circuit and design optimisation. Nevertheless' jt will be as a matter of fact the development and pro- 
duction of absolutely new laser with all following consequences. In the case of the proposed adaptive optics module 

45 utilisation all these problems no longer arise. There is analogous situation with the other classes of laser or optics 
system. 

4. The universality of said adaptive optics module relatively to the optics system of different classes, including laser 
system. It's clear that said adaptive optics module as the specific device may be used in the combination with the 
different systems for its designated purpose. The same module may operate with the industrial laser, with the inter- 

50 ferometer and with the laser radiation detective system. The set of the accessory heads, used for the conditioning 
the light apertures, enables to broaden substantially the specific module potentialities. 

5. The universality of the adaptive optics module circuit and design with respect to the laser or optics system of dif- 
ferent spectral ranges. When the laser or optical radiation wavelength being changed, the module circuit remains 
invariable and only: 1) the reflective coatings of the mirror element: 2) the material of pass-through optics ( the 

55 external windows and a beam-splitting element) and 3) the radiation receivers will be changed in such a case. But 
the design parameters of the above-listed components remain invariable. 

6. The possibility of increasing as much as possible of the channel number for the further increasing of the effi- 
ciency and accuracy of the phase confection without any circuit, structural and technological changing in the adap- 
tive optics module. 



12 



EP0 779 530A1 



7. And the last. The realisation and utilisation of the adaptive optics module enable to reduce the requirements lor 
the optical and laser system quality. For example: the tolerance for the optic element disafignment, the design sta- 
bility, the active medium purity, etc. may be reduced in the industrial lasers and analogously for the other laser sys- 
tems. Such circumstance substantially exerts on the cost of said systems; without doubt its price will be reduced. 
5 In addition to this, the field of the application of the laser and optics systems, which doni find a wide utilisation 
owing to low characteristics thereof, will be broaden, since said characteristics will be improved owing to the laser 
adaptive module utilisation. 

The present invention may be practically used in any optics systems for the execution of the optica) beam phase 
w distortion dynamic correction (compensation) with high accuracy, e.g., in the astronomical telescopes, for the purpose 
of remote light sources image quality improving (i e. for the compensation of the earth turbulence effect). 

Claims 

15 1 . An adaptive optics module, conprising a carecting device, including deformabte bimorph min'or, a beam-splitting 
element, a modulating mirror, a master oscillator, a modulating mirror signal amplifier, an input of which is con- 
nected with one of master oscillator outputs, and an output of which is connected with said modulating mirror, an 
image-forming optics, a radiation receiver, made in the form of the an-ay of photodlodes, and an electronic amplifier- 
converter, the inputs of which are connected with said correcting device, characterised in that said correcting 

20 device is made in the form of a dynamic aligning head with an installed therein defbrmable bimorph mirror, made 
in the form of a semi-passive bimorph structure, comprising hexagonal mosaic system of the muftitayer piezoelec- 
tric elements of hexagonal or circular configuration, said radiation receiver is made In the form of hexagonal array 
of photodlodes with a circular or hexagonal light aperture, and said electronic amplifier-converter is made with a 
possibility of generating of the dynamic aligning head drives control signals. 

25 

2. A module as claimed in Claim 1 characterised in that it is provided with a hexagonal array of lenses with the circular 
light apertures, said an^y anranged in the front of a radiation receiver. 

3. A module as claimed in Claim 2, characterised in that each of the radiation receiver photodlodes is disposed in the 
30 focus of a lens hexagonal array con^esponding aperture. 

4. A module as claimed In Claim 2 characterised in that It is provided with a set of fiber-optic cables, each of which is 
conjugated to the single subaperture of the lens hexagonal an^y on the one side and to the radiation receiver cor- 
responding photodiode on the other side. 

35 

5. A module as claimed in Claim 4 . characterised in that it is provided with an optical element, conjugated to a lens 
hexagonal array on the one side and to a set of single f iber-^tic cables on the other side, the focuses of all subap- 
ertures of the lens hexagonal array being coincided with a back plane of said optical element. 

40 6. A module as claimed in any Claims 1 -5, characterised in that it is provided with a common casing, wherein all opti- 
cal conponents are disposed, including a radiation receiver, said casing comprises the input and output optical 
windows, the input optical window being disposed in front of the deformabie bimorph mirror in a path of a beam, 
incoming thereto, and the output optical window being disposed beyond a beam-splitting element in a path of a 
beam, reflected therefrom or passed therethrough. 

45 

7. A module as claimed in Claim 6, characterised iri that an input optical window is made in the form of objective, an 
input light aperture thereof con'esponds to a transversal dimension of a beam, entering into said module, and an 
output light aperture thereof is conditioned with a deformabie bimorph min'or controllable light aperture with regard 
for a mirror tilt angle relatively to a beam, being incident thereto. 

50 

8. A module as claimed in any Claims 1-7, characterised in that a deformabie bimorph min'or is made in the fbmi of 
coolable product. 

9. A'module claimed in any Claints 1 -8. characterised in that an electronic amplifier-converter includes a preamplifier, 
55 the inputs of which are connected with the radiation receiver corresponding photodlodes, and the outputs of which 

are connected with the inputs of the synchronous detector, provided with a subtraction circuit, one of the inputs 
thereof is connected with a master oscillator output, and outputs thereof are connected with a converter and a mul- 
tiplier, connected in parallel each other, said converter and multiplier connected respectively in series witii the 
dynamic aligning head drives tiirough a first amplifier and with tiie deformabie bimorph mirror multilayer piezoelec- 
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trie elements through a digital-to-analogue converter and a second amplifier. 
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Fig. 3 
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Fig. 5. 
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From the radiation receiver S 




To the dynamic alignment head 1 



2 . 



To the deformablc bimorph mirror 



Fig. 6. 
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From the beam splitter 3 




To the electronic 
amplifier-converter 8 



FIG- 7. 
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Fig. 8. 
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From the beam flitter 3 




FIG. 9. 
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